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(57) ABSTRACT 
An improved perpendicular magnetic recording medium and 
an improved magnetic storage apparatus are provided, 
which are suitable for high speed and high density magnetic 
recording. A magnetic under layer of a two -layered perpen- 
dicular magnetic recording medium includes three layers: a 
ferromagnetic layer; a non-magnetic layer; and a ferromag- 
netic layer, wherein the ferromagnetic layers are antiferro- 
magnetically coupled with each other, thereby preventing a 
magnetic flux from a magnetic wall in a magnetic under 
layer from entering a read back head. 
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PERPENDICULAR MAGNETIC RECORDING 
MEDIUM AND MAGNETIC STORAGE 
APPARATUS 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a perpendicular 
magnetic recording medium suitable for high density mag- 
netic recording, and a magnetic storage apparatus using the 
same. 

[0003] 2. Description of the Related Art 

[0004] Along with the rapid propagation of personal com- 
puters, work stations, and the like, there has been a growing 
demand for increasing the capacity of a magnetic disk 
apparatus, which is the core of a non-volatile file system. In 
order to increase the capacity of a magnetic disk apparatus, 
it is necessary to increase the recording bit density, i.e., the 
plane recording density. A recording system employed for 
currently-used magnetic disk apparatuses is called "in-plane 
recording system". In this system, a ferromagnetic layer 
having a large coercivity in a direction parallel to the disk 
substrate plane is used as a recording medium, and infor- 
mation is recorded by magnetizing the recording medium in 
a direction in the substrate plane. In such a case, bit "1" 
corresponds to a magnetic inversion section where two 
adjacent portions are oppositely magnetized to each other, 
i.e., at an angle of 180°. In order to increase the in -plane 
recording density, it is necessary to increase both the bit 
density in the circumferential direction of the disk (linear 
recording density) and the bit density in the radial direction 
(track density). While the track density is limited by the 
track width formation process or the positioning precision of 
the read/recording head, they are primarily only technical 
problems. It is believed that the linear recording density, on 
the other hand, is subject to a limitation in principle due to 
the characteristics of the recording medium. 

[0005] In an in-plane recording system, two oppositely- 
magnetized portions exist facing each other with a magnetic 
inversion point therebetween, thereby creating a large 
demagnetizing field. Due to the demagnetizing field, a 
transitional region of a finite width is formed in the magnetic 
inversion section. The width of the magnetic inversion 
region needs to be at least smaller than the bit interval. 
Accordingly, in order to increase the linear recording den- 
sity, it is necessary that the medium is magnetized despite 
the demagnetizing field. More specifically, it is necessary to 
reduce the thickness of the recording magnetic layer while 
improving the coercivity of the medium. Thus, the linear 
recording density is greatly limited by the magnetic prop- 
erties of the medium. In a standard in -plane magnetic 
recording system, it is desirable that the ratio of the linear 
recording density with respect to the track density is about 
10. In order to realize a recording density of 50 Gb/in 2 under 
such a condition, the bit interval in the circumferential 
direction is about 25 nm. A magnetic properties estimation 
with a simple model shows that a medium in which the 
width of the magnetic inversion region is 25 nm or less 
needs to have a thickness of 15 nm or less and a coercivity 
of 5 kOe or more. 

[0006] However, with a coercivity over 5 kOe, it is diffi- 
cult to ensure a recording magnetic field with which the 



medium can be sufficiently magnetized. Moreover, with a 
Co-alloy-based magnetic layer, when the thickness of the 
magnetic layer is 15 nm or less, the substantial volume of the 
medium crystal grain is so small that the magnitude of the 
thermal energy of the grain is non-negligible with respect to 
the magnetic anisotropy energy thereof. As a result, the 
influence of the thermal fluctuation becomes significant, 
thereby posing a problem of thermal decay, where the 
magnitude of the recording magnetization decreases over 
time. When one attempts to ensure the crystal grain volume 
with the crystal size in the in-plane direction, there will be 
an increase in the medium noise, whereby a sufficient S/N 
ratio cannot be obtained. Thus, difficulties in principle are 
expected in realizing an in -plane recording density of 50 
Gb/in or more while achieving a sufficient thermal decay 
resistance and low noise. 

[0007] A perpendicular magnetic recording system is a 
system in which a thin-film medium is magnetized in a 
direction perpendicular to the film plane thereof. It is 
believed that a perpendicular magnetic recording medium is 
different from an in-plane magnetic recording medium in the 
prior art in terms of the recording principle and the mecha- 
nism in which medium noise occurs. In the perpendicular 
magnetic recording system, adjacent magnetized portions 
are not facing each other but are in an antiparallel arrange- 
ment, whereby there is no influence of a demagnetizing 
field. Therefore, it would be expected that a magnetic 
inversion can be achieved within a very narrow region, and 
it is easier to increase the linear recording density. Moreover, 
since the demand for reducing the thickness of the medium 
is not as strong as that for an in-plane recording medium, it 
is possible to ensure a high resistance to the thermal decay. 
Thus, the perpendicular magnetic recording system has been 
attracting public attention as a system that is essentially 
suitable for high density magnetic recording, and various 
medium materials and structures have been proposed there- 
for. Various perpendicular magnetic recording systems 
include those in which a single perpendicular magnetic layer 
is used and those in which a magnetic under layer is 
provided on a perpendicular magnetic layer. A technique 
using a two-layered perpendicular magnetic recording 
medium having a magnetic under layer is described in, for 
example, IEEE Transaction on Magnetics, Vol. MAG -20, 
No .5, September 1984, pp. 65 7-6 62, "Perpendicular Mag- 
netic Recording-Evolution and Future". A medium in which 
a perpendicular magnetic layer made of a CoCr alloy is 
provided on an under layer made of a soft magnetic material 
such as a permalloy is a candidate for the perpendicular 
magnetic recording medium for this system. 

[0008] In order to realize a magnetic storage apparatus 
capable of high density magnetic recording of 50 Gb/in 2 or 
more based on a perpendicular magnetic recording system 
using a two-layered perpendicular magnetic recording 
medium, it is necessary to reduce the medium noise. The 
medium noise occurs from both the perpendicular magnetic 
layer and the magnetic under layer, and particularly the 
spike-shaped noise occurring from the magnetic under layer 
has been a problem. An example of such noise is described 
in, for example, IEEE Transaction on Magnetics, Vol.MAG- 
20, No.5, September 1984, pp.663-668, "Crucial Points in 
Perpendicular Recording". In order to address such a prob- 
lem, a method for forming an in-plane magnetic layer under 
a magnetic under layer has been proposed in the art, as seen 
in Journal of the Magnetics Society of Japan, Vol.21, 
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Supplement No.Sl, pp.104- 108 "Increasing S/N of Three- 
Layered Perpendicular Medium and Stability of Recorded 
Signal". However, it was not sufficient for realizing a 
magnetic storage apparatus capable of high density magnetic 
recording of 50 Gb/in 2 or more. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide a 
perpendicular magnetic recording medium having low noise 
characteristics for realizing a high recording density of 50 
Gb/in or more, thereby facilitating the realization of a high 
density magnetic storage apparatus. 

[0010] In order to realize a perpendicular magnetic record- 
ing medium having low noise characteristics, the present 
invention provides a perpendicular magnetic recording 
medium including a non-magnetic substrate, a magnetic 
under layer, a perpendicular magnetic layer and a protective 
lubricant layer, the perpendicular magnetic layer and the 
protective lubricant layer being provided on the non-mag- 
netic substrate via the magnetic under layer, wherein the 
magnetic under layer includes at least one set of a layered 
structure of ferromagnetic layer/non-magnetic layer/ferro- 
magnetic layer, and the magnetizations of the ferromagnetic 
layers are coupled with each other in an antiparallel state. 
The noise due to the magnetic under layer can be reduced by 
preventing a leakage flux occurring from a magnetic wall in 
the magnetic under layer from entering the read back head 
while securing the magnetic wall present in the magnetic 
under layer so that it is not easily moved. 

[0011] Specifically, the present invention provides a per- 
pendicular magnetic recording medium, including a non- 
magnetic substrate, a magnetic under layer, and a perpen- 
dicular magnetic layer, the perpendicular magnetic layer 
being provided on the non-magnetic substrate via the mag- 
netic under layer, wherein the magnetic under layer includes 
at least one non-magnetic layer sandwiched by adjacent 
ferromagnetic layers. 

[0012] The non -magnetic layer of the magnetic under 
layer may be a non-magnetic metal layer made of a material 
selected from the group consisting of Ru, Rh, Ir, Cr and an 
alloy thereof, and each of the ferromagnetic layers adjacent 
to the non-magnetic layer of the magnetic under layer may 
be a magnetic layer made of a material selected from the 
group consisting of Co, Ni, Fe and an alloy thereof. Mag- 
netizations of the two ferromagnetic layers adjacent to the 
non-magnetic layer of the magnetic under layer are coupled 
with each other in an antiparallel state. 

[0013] The present invention also provides a magnetic 
storage apparatus, including a perpendicular magnetic 
recording medium, driving means for driving the perpen- 
dicular magnetic recording medium, a magnetic head 
including a write section and a read back section, means for 
relatively moving the magnetic head with respect to a 
magnetic recording medium, and signal processing means 
for inputting a signal to the magnetic head and reading back 
an output signal from the magnetic head, wherein the 
magnetic recording medium is the above-mentioned perpen- 
dicular magnetic recording medium. 

[0014] According to the present invention, since the noise 
due to the magnetic under layer of the perpendicular mag- 
netic recording medium is significantly reduced, the S/N 



ratio is significantly improved, and it is possible to realize a 
magnetic recording apparatus providing a high recording 
density. 

[0015] The nature, principle, and utility of the invention 
will become more apparent from the following detailed 
description when read in conjunction with the accompany- 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] In the accompanying drawings: 

[0017] FIG. 1 is a schematic cross-sectional view illus- 
trating a structure of an exemplary perpendicular magnetic 
recording medium according to the present invention; 

[0018] FIG. 2A and FIG. 2B illustrate exemplary mag- 
netic properties of a magnetic under layer; 

[0019] FIG. 3A and FIG. 3B illustrate an Ru layer thick- 
ness dependency of the magnetic properties of the magnetic 
under layer; 

[0020] FIG. 4 is a schematic cross-sectional view illus- 
trating a single pole type recording head and a magnetic 
recording medium; 

[0021] FIG. 5A is a cross-sectional view illustrating a 
read back head and a magnetic recording medium according 
to a conventional example, and FIG. 5B illustrates the 
waveform of a read signal; 

[0022] FIG. 6A is a cross-sectional view illustrating a 
read back head and a magnetic recording medium according 
to the present invention, and FIG. 6B illustrates an exem- 
plary waveform of a read signal; 

[0023] FIG. 7 is a schematic cross-sectional view illus- 
trating an exemplary perpendicular magnetic recording 
medium according to the present invention; 

[0024] FIG. 8 is a schematic cross-sectional view illus- 
trating a single pole type recording head, a GMR read back 
head and a magnetic recording medium; 

[0025] FIG. 9 is a schematic diagram illustrating a struc- 
ture of a magnetic storage apparatus; and 

[0026] FIG. 10 is a schematic cross-sectional view illus- 
trating another exemplary perpendicular magnetic recording 
medium according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0027] Embodiments of the present invention will now be 
described with reference to the drawings. 

EXAMPLE 1 

[0028] Using a glass substrate having a diameter of 2.5 
inches, a magnetic recording medium having a cross-sec- 
tional structure as illustrated in FIG. 1 was produced by a 
DC magnetron sputtering method. A magnetic under layer 
including a first layer 42, a second layer 43 and a third layer 
44 was formed on a substrate 41. A perpendicular magnetic 
layer (CoCrPt) 52 having a thickness of 25 nm and a 
protective layer 53 having a thickness of 5 nm were formed 
in this order on the magnetic under layer via an intermediate 
under layer (TiCr) 51 having a thickness of 5 nm. Two 
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different media were produced, one in which the first layer 
42 and the third layer 44 were both made of Co with a 
thickness of 30 am, and the other in which the first layer 42 
and the third layer 44 were both made of CoFe with a 
thickness of 30 nm. In both media, the second layer 43 was 
made of Ru. 

[0029] FIG. 2A to FIG. 3B illustrate the results of mea- 
surements performed for the Ru layer thickness dependency 
of the magnetic properties of the three-layered magnetic 
under layer in order to optimize the thickness of the Ru layer. 
Note that the thickness of the Co layer was set to be 10 nm 
for the first layer 42 and the third layer 44. Substantially the 
same results were obtained when CoFe was used for the 
magnetic layers. 

[0030] FIG. 2A and FIG. 2B illustrate magnetization 
curves for two different Co/Ru/Co three-layered magnetic 
under layers in which the thickness of the Ru layer was 1.4 
nm and 0.7 nm, respectively. First, for the Ru layer having 
a thickness of 1.4 nm, it can be seen that the layer exhibits 
a behavior that is similar to that of a single ferromagnetic 
layer, thus indicating that the two Co layers are coupled 
together in a parallel state. On the other hand, for the Ru 
layer having a thickness of 0.7 nm, it can be seen that the 
magnetization M at magnetic field«0 is substantially zero, 
thus indicating that the two Co layers are coupled together 
in an antiparallel state, and a substantial coupling magnetic 
field of about 2.1 kOe has occurred from the magnetic field 
at which the magnetization is saturated. As described above, 
the Co/Ru/Co three-layered structure may be in either a 
parallel state or an antiparallel state depending upon the 
thickness of the Ru layer. In order to realize an intended 
magnetic under layer, the Co layers need to be coupled in an 
antiparallel state. In view of this, the magnetic properties 
were examined while varying the thickness of the Ru layer. 
The results are shown in FIG. 3A and FIG. 3B. 

[0031] FIG. 3A illustrates the Ru layer thickness depen- 
dency of the magnetic field Hs at which the magnetization 
is saturated. It can be seen that the maximum point and the 
minimum point of Hs alternately appear as the thickness of 
the Ru layer is increased. On the other hand, in the Ru layer 
thickness dependency of the residual magnetization Mr 
illustrated in FIG. 3B, Mr takes the maximum value when 
Hs takes the minimum value, and vice versa. The former of 
the two regions of the thickness of the Ru layer corresponds 
to FIG. 2A, and the latter corresponds to FIG. 2B. 

[0032] In view of the results shown above, the thickness of 
the Ru layer was set to be 0.7 nm, which is within the 
antiparallel coupling region, in this example. Since the 
thickness of each Co layer was 30 nm in this example, the 
antiparallel coupling magnetic field (equivalent to Hs) was 
about 500 Oe. 

[0033] In order to evaluate the characteristics of the 
recording media as described above, signals were recorded 
thereon by using a single pole type recording head. FIG. 4 
is a schematic cross-sectional view illustrating the recording 
head and the recording medium used in the experiment. Note 
that the details of the medium are not shown in the figure. 
The recording head includes a main pole 61, a secondary 
pole 62 and an excitation coil 63. When a current is allowed 
to flow through the coil 63, the main pole 61 is excited, and 
a recording magnetic flux 65 from the tip of the main pole 
61 passes through a magnetic under layer 64 into the 



secondary pole 62. The magnetic flux is confined to a small 
cross-sectional area at the tip of the main pole 61. As a result, 
a strong magnetic field is applied through a perpendicular 
magnetic layer 66, thereby producing a magnetization pat- 
tern 67 corresponding to the signal. In the experiment, two 
different signals of 60 kFCI and 600 kFCI were recorded. 
For the purpose of comparison, the same signals were 
recorded also on a conventional recording medium whose 
magnetic under layer is a single Co layer having a thickness 
of 60 nm. An observation of the surface of the media having 
signals recorded thereon with an MFM confirmed that sharp 
magnetic inversion had been recorded within a narrow track 
on both media. 

[0034] Next, the recorded signals were read back with a 
read back head for comparison in the S/N ratio and the 
resolution. FIG. 5A is a cross-sectional view illustrating the 
read back head used in the experiment and the conventional 
recording medium having signals recorded thereon, and 
FIG. 5B illustrates an exemplary read signal. A shield type 
GMR head was used for the read back operation. The shield 
type GMR head includes a GMR element 73 being sand- 
wiched between shields 71 and 72, which are arranged with 
an interval of 80 nm therebetween. The interval between the 
recording medium surface (the surface of a perpendicular 
magnetic layer 74) and the surface of the read back head is 
about 30 nm. 

[0035] Generally, an ideal waveform of a read signal from 
a perpendicular recording medium having a magnetic under 
layer is rectangular. However, referring to FIG. 5B, a read 
signal waveform 78 includes spike-shaped noise 79 super- 
imposed thereon. This is likely to be the result of multiple 
magnetic domains being formed in a magnetic under layer 
76 irrespective of a recording pattern 75, as illustrated in 
FIG. 5A, whereby a static magnetic field is produced from 
a magnetic wall 77, to which the read back head responds. 

[0036] FIG. 6A and FIG. 6B illustrate exemplary evalu- 
ation results for the medium of the present invention. As can 
be seen from FIG. 6B, a read signal waveform 78 takes a 
generally ideal rectangular shape and does not include 
spike-shaped noise as in the convention example. This is 
likely to be the result of two Co layers 76 and 80 of the 
magnetic under layer being magnetically coupled in an 
antiparallel state, as illustrated in FIG. 6A, thus creating 
magnetic domains of opposite polarity in the upper and 
lower Co layers, respectively, whereby a static magnetic 
field from the magnetic wall 77 and that from a magnetic 
wall 81 are canceled out by each other. Thus, with the 
recording medium of the present invention, there can be 
expected an effect of reducing the noise from the magnetic 
under layer. 

[0037] Next, the two media as described above were 
compared with each other in terms of the macroscopic 
characteristics of the signals. Table 1 below shows a com- 
parison between the two media in terms of the S/N ratio and 
the resolution where a signal of 600 kFCI was magnetically 
recorded. The S/N ratio was evaluated as the ratio of the half 
value of the read output at a low recording density with 
respect to the noise at a high recording density (600 FCI). 
The resolution was measured as the proportion (percentage) 
of the read output for a signal recorded at 300 MHz (600 
kFCI) with respect to the read output for a signal recorded 
at 30 MHz (60 kFCI). 
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TABLE 1 




Present invention 


Prior art 


S/N (dB) 


25.5 


24.3 


Resolution (%) 


12.2 


9.6 



[0038] It has been shown that the magnetic recording 
medium of this example provides an improved S/N ratio and 
thus is a desirable high density magnetic recording medium. 
It has also been shown that the magnetic recording medium 
of this example is suitable for high speed read/write opera- 
tions since there is only little deterioration in read signals 
when the signals are recorded at a high frequency. The 
magnetic recording medium produced in this example was 
evaluated by using a GMR head as a read back element. As 
a result, it was possible to realize an on-track bit error rate 
of 10" 8 at an in-plane recording density of 55 Gb/in 2 , 
thereby confirming that the magnetic recording medium of 
this example had a sufficient performance to be used as a 
high density magnetic storage apparatus. 

[0039] It has been shown that the magnetic recording 
medium of this example is a desirable high density magnetic 
recording medium with the S/N ratio and the high frequency 
write characteristics thereof which are significantly 
improved as compared with those of the comparative 
example. The magnetic recording medium produced in this 
example was evaluated by using, as a read back element, a 
high efficiency read back head based on the magnetic 
tunneling phenomenon. As a result, it was possible to realize 
an on-track bit error rate of 10~ 6 at an in-plane recording 
density of 80 Gb/in 2 , thereby confirming that the magnetic 
recording medium of this example had a sufficient perfor- 
mance to be used as a super high density storage apparatus. 

EXAMPLE 2 

[0040] A magnetic storage apparatus as illustrated in FIG. 
9 was produced by using a disk (FIG. 7) obtained by 
depositing the perpendicular magnetic recording medium of 
Example 1 on both sides of a substrate, and a read/recording 
head (FIG. 8) having a high efficiency read back element 
based on the giant magnetoresistive (GMR) effect. 

[0041] The magnetic storage apparatus is of a well-known 
structure and includes a magnetic recording medium (disk) 
91, a driving section 92 for rotating the magnetic recording 
medium 91, a magnetic head 93 having a magnetic write 
section and a read back section, a magnetic head driving 
section 94 for relatively moving the magnetic head 93 with 
respect to the magnetic recording medium 91, a signal 
processing section 95 for processing signals read/written by 
the magnetic head 93, and a load/unload mechanism 96. 

[0042] FIG. 7 is a schematic cross-sectional view illus- 
trating the disk. The disk includes a substrate 27 made of 
NiAl, a magnetic layer 26 (26') made of CoFe and having a 
thickness o f_30 nm^ a non-magnetic layer 25 (25 f ) made of 
Ru and having a thickness of 0.7 nm, a magnetic layer 24 
(24') made of CoFe and having a thickness o f 30 nm, a 
non-magnetic intermediate layer 23 (23') made of TiCr and 
having a thickness of 3 nm, a perpendicular magnetic layer 
22 (22') made of CoCrPt and having a thickness of 25 nm, 
and a protective layer 21 (21') made of carbon and having a 



thickness of 3.5 nm. The layers 26 to 21 (26* to 21') arc 
deposited in this order on the substrate 27. The magnetic 
layer 26 (26'), the non-magnetic layer 25 (25') and the 
magnetic layer 24 (24 1 ) correspond to a magnetic under 
layer. 

[0043] The main pole 61 of the recording head had a track 
width of 0.4 /zm, a read back GMR head element 69 had a 
track width of 0.32 /«n, and the spacing between the head 
and the medium 66 was 15 nm. The EEPR4 system was used 
as the signal processing system, and the apparatus was 
operated at an in-plane recording density of 55 Gb/in 2 . As a 
result, an on-track bit error rate of 10 -8 or less was obtained, 
and it was confirmed that the apparatus can operate as a high 
density storage apparatus having a capacity of 35 GB per 
disk. 

EXAMPLE 3 

[0044] Another evaluation was made while using a differ- 
ent perpendicular magnetic recording medium with the 
magnetic storage apparatus schematically illustrated in FIG. 
9. FIG. 10 is a schematic cross-sectional view illustrating 
the perpendicular magnetic recording medium. The perpen- 
dicular magnetic recording medium includes a substrate 101 
made of glass, a,Co layex lQ2 h aving a thickness of 40 nm, 
an Ru layer 103 having a thickness of 0.7 nm, a Co layer 104 
having a thickness of 40 nm, a Co-based amorphous ferro - 
magnetic layer 105 having a thickness ot 20 nm, a non- 
magnetic intermediate layer 10 6 having a thickness of 2 nm, 
jTperpendicular magnetic layer TP7 m ade of CoCrPtB and 
having a thickness of 30 nm, and a protective layer 108 made 
of carbon and having a thickness of 3 nm. The layers 102 to 
108 are deposited in this order on the substrate 101. 

[0045] In the perpendicular magnetic recording medium, 
the portion from the Co layer 102 to the Co-based amor- 
phous ferromagnetic layer 105 functions as a magnetic 
under layer. The perpendicular magnetic recording medium 
is different from that of Example 1 in that a Co-based 
amorphous ferromagnetic layer is used as a portion of the 
under layer, thereby improving the crystallographic orien- 
tation of the perpendicular magnetic layer. In this example, 
a CoZrTa layer was used as the Co-based amorphous fer- 
romagnetic layer. It was confirmed that the recording 
medium of this example had an S/N ratio of 26 dB and a 
resolution of 13%, indicating that the characteristics thereof 
are further improved from those of the recording medium 
shown in Table 1 above. 

[0046] According to the present invention, it is possible to 
significantly improve the medium S/N ratio of a perpen- 
dicular magnetic recording medium, whereby it is possible 
to realize a magnetic disk apparatus capable of high speed 
and high density magnetic recording. Specifically, such a 
magnetic disk apparatus is capable of high density magnetic 
recording at a density over 50 Gb/in 2 , thereby allowing for 
a reduction in the size of the apparatus and/or an increase in 
the capacity thereof, and thus facilitating the reduction in the 
cost therefor by reducing the number of disks. 

[0047] While there has been described what are at present 
considered to be preferred embodiments of the present 
invention, it will be understood that various modifications 
may be made thereto, and it is intended that the appended 
claims cover all such modifications as fall within the true 
spirit and scope of the invention. 
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What is claimed is: 

1. A perpendicular magnetic recording medium, compris- 
ing a non-magnetic substrate, a magnetic under layer, and a 
perpendicular magnetic layer, the perpendicular magnetic 
layer being provided on the non-magnetic substrate via the 
magnetic under layer, wherein said ^magnetic under layer 
includes ^ leas^^fle non-magnetic *Ta"yer sandwiched by^ 



antiparallel state. 



5. A magnetic storage apparatus, comprising a perpen- 
dicular magnetic recording medium, driving means for driv- 
ing said perpendicular magnetic recording medium, a mag- 
netic head including a write section and a read back section, 
means for relatively moving said magnetic head with respect 
to said magnetic recording medium, and signal processing 
means for inputting a signal to said magnetic head and 
reading back an output signal from said magnetic head, 

wherein said magnetic recording medium is the perpen- 
dicular magnetic recording medium according to claim 
1. 

6. A magnetic storage apparatus, comprising a perpen- 
dicular magnetic recording medium, driving means for driv- 
ing said perpendicular magnetic recording medium, a mag- 
netic head including a write section and a read back section, 
means for relatively moving said magnetic head with respect 
to said magnetic recording medium, and signal processing 
means for inputting a signal to said magnetic head and 
reading back an output signal from said magnetic head, 

wherein said magnetic recording medium is the perpen- 
dicular magnetic recording medium according to claim 
2. 

***** 



adjacent terromagnetic la yers. 

2. The perpendicular magnetic recording medium accord- 
ing to claim 1, wherein the non-magnetic layer of said 
magnetic under layer is a non-magnetic metal layer made of 
a material selected from the group consisting of Ru, Rh, Ir, 
Cr and an alloy thereof, and each of the ferromagnetic layers 
adjacent to the non-magnetic layer of said magnetic under 
layer is a magnetic layer made of a material selected from 
the group consisting of Co, Ni, Fe and an alloy thereof. 

3. The perpendicular magnetic recording medium accord- 
ing to claim 1, wherein magnetizations of the two ferromag- 
netic layers adjacent to the non-magnetic layer of said 
magnetic under layer are coupled with each other in an 
antiparallel state. 

4. The perpendicular magnetic recording medium accord- 
ing to claim 2, wherein magnetizations of the two ferromag- 
netic layers adjacent to the non-magnetic layer of said 
magnetic under layer are coupled with each other in an 
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